Parkinson's disease (PD), but the neurodegenerative mechanisms have not been completely elucidated. Iron accumulation in dopaminergic and glial cells in the SN of PD patients may contribute to the generation of oxidative stress, protein aggregation, and neuronal death. The mechanisms involved in iron accumulation also remain unclear. Here, we describe an increase in the expression of an isoform of the divalent metal transporter 1 (DMT1/Nramp2/ Slc11a2) in the SN of PD patients. Using the PD animal model of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) intoxication in mice, we showed that DMT1 expression increases in the ventral mesencephalon of intoxicated animals, concomitant with iron accumulation, oxidative stress, and dopaminergic cell loss. In addition, we report that a mutation in DMT1 that impairs iron transport protects rodents against parkinsonism-inducing neurotoxins MPTP and 6-hydroxydopamine. This study supports a critical role for DMT1 in iron-mediated neurodegeneration in PD.
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iron ͉ oxidative stress ͉ substantia nigra ͉ MPTP ͉ 6-hydroxydopamine P arkinson's disease (PD) is the most frequent neurodegenerative movement disorder worldwide. It is characterized by a preferential degeneration of dopaminergic neurons (DNs) in the substantia nigra pars compacta (SNpc) and the presence of proteinaceous cytoplasmic inclusions, called Lewy bodies, in the remaining DNs (1). Apart from rare, inherited forms of the disease, the etiology of PD remains unknown. Nevertheless, it seems clear that aging, mitochondrial dysfunction, inflammation, and oxidative imbalance are among the factors contributing to its pathophysiology.
A rise in iron content localized in glial cells and DNs of the SNpc has been reported in patients with PD (2, 3) . This increase of iron is thought to contribute to DN cell death by catalyzing the production of hydroxyl radicals from hydrogen peroxide, a byproduct in dopamine catabolism, and by promoting fibril formation of ␣-synuclein, the most abundant component of Lewy bodies (4) . Neuroprotection achieved by pharmacological or genetic chelation of iron in animal models of PD supports the role of iron in neuronal degeneration in PD (5) . Yet, the mechanisms underlying the iron increase have not been elucidated. Transferrin-bound iron (TBI) can be incorporated into cells by an endocytotic process, which is initiated by transferrin receptor 1 (TfR1) ligand binding. Following translocation to early endosomes, iron dissociates from transferrin and is transported to the cytoplasm or directly to the mitochondria. In the brain, iron uptake mediated by TfR participates in iron transport through the blood-brain barrier (6) , and the density of TBI-binding sites correlates well with the regional distribution of TfR expression on the luminal surface of endothelial cells. However, TBI-binding sites and TfR expression only loosely correlate with the final steady-state distribution of iron (7) . Moreover, TBI-binding sites are decreased in number in the SNpc DNs of PD patients (8) .
Non-transferrin-bound iron (NTBI) can be incorporated from the extracellular matrix and/or from the recycling endosomes through the divalent metal transporter 1 (DMT1, Nramp2/ Slc11a2), a proton-coupled metal transporter (9) . Depending on alternative promoter usage and alternative splicing of 3Ј exons, there are 4 DMT1 protein isoforms (10) . Two of these contain an iron-responsive element (IRE) in the last exon and 2 do not; the C-terminal DMT1 protein isoforms are thus designated I, or ϩIRE, and II, or ϪIRE. A recent study on rat brain reported that the expression of both the ϩIRE and ϪIRE DMT1 isoforms is not modulated by iron overload or deficiency and is increased during aging (11), the main risk factor in PD. On the other hand, in vitro studies in multiple cell lines, including monocytes/ macrophages (12, 13) , bronchial epithelial cells (14) , and endothelial cells (15) , have shown that the expression of DMT1 is modulated by inflammation, a key phenomenon in the cascade of events leading to neuronal loss in PD (16) . Thus, the main aim of this study was to test the hypothesis that changes in DMT1 expression contribute to neurodegeneration in animal models of PD.
We characterized the expression of DMT1 isoforms in substantia nigra (SN) from control and PD patients and the changes in nigral DMT1 expression occurring in mice intoxicated with the mitochondrial complex I inhibitor, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), an established model of PD (17) . We found that a mutation (G185R) that impairs DMT1 iron transport (18, 19) decreases the susceptibility of microcytic mice (mk/mk) and Belgrade rats to MPTP-induced and 6-hydroxydopamine (6-OHDA)-induced neurotoxicity, respectively. These observations support the hypothesis that a DMT1-dependent increase in iron plays a role in the death of DNs in PD.
Results

DMT1 Expression in DNs in PD.
To evaluate the participation of DMT1 in iron accumulation in the SNpc of PD patients, immunohistochemistry experiments were performed on human postmortem tissue. When control subjects were examined (Fig.  1A) , DMT1 antibodies directed against epitopes common to the 4 isoforms (hereinafter called Pan-DMT1) showed a moderate labeling in SNpc neuromelanin-containing DNs, with sparse staining in glial cells. Notably, DMT1 immunolabeling was consistently less intense in neuromelanin-containing DNs of the ventral tegmental area (VTA) than in those of the SNpc in the same tissue sections. In the mesencephalon of PD patients with iron accumulation confirmed by Perls staining (Fig. 1B) , remaining neuromelanin-containing DNs exhibited DMT1 labeling that was comparable overall to that seen in controls. However, DNs localized in the ventral tier of the SNpc often exhibited strong labeling. Furthermore, light DMT1 staining was observed in the halo of Lewy bodies in the SNpc of PD patients (Fig. 1B) . In addition to the DMT1 expression in DNs, small cells (diameter Ͻ 10 m) showed strong labeling. When we used antibodies selective for DMT1 C-terminal isoforms, the pattern of immunolabeling for the ϩIRE isoform was comparable to that observed with Pan-DMT1 antibodies (Fig. 1B) , whereas ϪIRE immunolabeling was consistently weaker and restricted to neuromelanin-positive DNs (data not shown). To identify nonmelanized cells with DMT1 labeling, double immunolabeling was performed for DMT1 and CD68 (a microglial marker) or glial fibrillary acidic protein (an astrocyte marker). Numerous CD68 ϩ /DMT1 ϩ cells exhibiting amoeboid phagocytic morphology were observed in the ventral aspects of the SNpc in PD patients (Fig. 1C) . In contrast, CD68 ϩ with scarce or no DMT1 labeling corresponded to the morphology of resting microglial cells, suggesting a link between DMT1 expression and microglial activation. No colocalization between DMT1 and glial fibrillary acidic protein was found in the samples analyzed (data not shown).
To quantify differences in DMT1 expression in the whole SNpc, Western blot analysis was performed on protein extracts prepared from the SNpc of control and PD patients (Fig. 1D) .
Western blot analysis for DMT1 revealed 2 bands, 65 and 90 kDa (Fig. 1D) , matching the expected sizes for unmodified and glycosylated forms of this protein (20) . We found that DMT1 ϩIRE was significantly increased in PD subjects compared with control subjects (Fig. 1D) . On the other hand, DMT1 ϪIRE expression was significantly decreased (Fig. 1D) , whereas no significant difference was observed for Pan-DMT1 expression (data not shown) when PD subjects were compared to control subjects. To corroborate the existence of iron accumulation in these PD patients, total iron content was tabulated ( Fig. 1D ) after atomic absorbance spectroscopy (AAS) analysis of wholeSNpc homogenates. Total iron content was significantly higher in PD patients than in age-matched controls (293.8 Ϯ 13.9 ng/mg of protein and 203.8 Ϯ 12.8 ng/mg of protein; P Ͻ 0.01).
DMT1 ؉IRE Is Up-Regulated in the Ventral Mesencephalon of MPTP-
Intoxicated Mice. Given the advanced state of DN loss in symptomatic PD patients, we used acute MPTP intoxication to examine changes in DMT1 expression in earlier stages of degeneration. This animal model enables evaluation of the influences of mitochondrial complex I inhibition and inflammation on DMT1 expression. The effect of MPTP intoxication was confirmed by stereological counting of cells expressing tyrosine hydroxylase (TH), the rate-limiting enzyme in dopamine synthesis. MPTP-intoxicated mice showed a significant decrease in TH-positive cells 1 day after MPTP intoxication and a further decrease that stabilized 4 days after MPTP intoxication (Fig.  2B ), in agreement with results published by other investigators (21) . Quantitation of DMT1 bands in MPTP-intoxicated mice demonstrated an increase in DMT1 expression at days 1 and 2 after MPTP intoxication ( Fig. 2 A and B) , detected in the figure with antibodies recognizing the ϩIRE isoform, but not ϪIRE DMT1. The prevalent effect was an increase in DMT1 as also detected with antibodies recognizing the third or fourth extra- To identify cell types expressing DMT1 in control and MPTP-intoxicated mice, fluorescent double immunolabeling for DMT1 and selective cell type markers was performed in coronal brain sections. In agreement with Gunshin et al. (22) , the cerebellum and the hippocampus were the structures with the strongest immunolabeling in normal mouse brain (data not shown). In the ventral mesencephalon from control mice, DMT1 ϩIRE immunolabeling was almost absent (Fig. 2C Top) , whereas DMT1 ϪIRE presented a moderate labeling localized primarily in the DNs of the SNpc (Fig. 2D Upper) and in astrocytes in the SN pars reticulata (data not shown). One and 2 days after MPTP intoxication, DMT1 ϩIRE immunolabeling appeared in DNs and activated microglia in the SNpc (Fig. 2C Middle and Bottom). DMT1 ϪIRE immunoreactivity was observed in the remaining DNs (Fig. 2D Right) as well as in some reactive astrocytes (data not shown) in the SNpc at days 2 and 4 after MPTP intoxication.
Mesencephalic Iron Content Increases After Acute MPTP Intoxication.
To examine whether DMT1 up-regulation correlates with changes in iron content, we assessed changes in total iron content and iron distribution in the ventral mesencephalon of MPTPintoxicated mice. Reports of iron accumulation in the SNpc of MPTP-intoxicated monkeys (23) and of neuroprotection against MPTP achieved in mice by an iron-deficient diet (24) and iron chelators (5) support iron participation in MPTP-induced neurodegeneration. Total iron content of ventral mesencephalon analyzed by AAS was significantly increased 2 days after MPTP intoxication compared with control mice [77.4 Ϯ 4.2 ng/mg of protein and 59.8 Ϯ 4.0 ng/mg of protein, P Ͻ 0.01; supporting information (SI) Fig. S1 A] . Using Perfusion-Perls with DAB enhancement, mild staining for iron developed on mesencephalic preparations from control mice (Fig. S1B) , localized mainly in small cells (Ͻ10 m) of the substantia nigra pars reticulata, whereas immunohistochemistry against TH revealed that TH-positive cells were consistently devoid of iron staining. However, in MPTP-intoxicated mice (Fig. S1C ), cellular and extracellular iron staining was observed mainly localized in the anterior and ventral aspect of SNpc. Using confocal microscopy, we found: (i) DAB-positive cells with the size and topographic localization of DNs lacking TH immunolabeling; (ii) DABpositive DNs with weak TH immunolabeling (detail in Fig. S1C) ; and (iii) small cells (diameter Ͻ 10 m) with strong DAB staining and glial morphology. To evaluate the consequences of iron accumulation we performed immunohistochemistry against 4-hydroxynonenal and malondialdehyde (MDA) adducts in control and MPTP mice. At day 2 after MPTP intoxication, when iron accumulation was maximal, 4-hydroxynonenal (Fig. S1D  Right) and MDA (data not shown) immunolabeling was found in the SNpc of MPTP mice. This staining was not observed in controls (Fig. S1D Left) .
Mice Carrying a Mutation in DMT1 Are Partially Protected Against the Toxicity of MPTP. Even though DMT1 up-regulation in glial cells could have a protective effect by inducing iron sequestration, we hypothesize that its increase in DNs would probably contribute to the generation of oxidative stress and cell death. To test the hypothesis that DMT1 up-regulation contributes to ironmediated MPTP toxicity, we assessed the susceptibility to MPTP of mycrocytic mice (mk/mk). The mk/mk mouse is a natural mutant that carries a mutation in the DMT1 gene (G185R) that results in a transporter with impaired iron transport. Homozygous mk/mk mice exhibited less susceptibility to MPTP compared with heterozygous (ϩ/mk) and wild-type (ϩ/ϩ) littermates (25%, 58%, and 53% TH-positive cell loss compared with the respective saline-injected mice; Fig. 3 A and B) . This difference in MPTP susceptibility was not explained by a difference in toxin bioavailability, because striatal concentrations of MPP ϩ 90 min after MPTP administration were comparable in mk/mk, ϩ/mk, and ϩ/ϩ mice (6.8 Ϯ 1.0 ng/mg of tissue, 7.2 Ϯ 1.1 ng/mg of tissue, and 5.9 Ϯ 0.9 ng/mg of tissue, respectively). Nevertheless, the difference in the loss of striatal dopamine content induced by MPTP between mk/mk, ϩ/mk, and ϩ/ϩ mice did not reach significance (61.0%, 76.6%, and 73.8% decrease in dopamine content compared with the respective saline-injected mice). Thus, these data rule out the possibility that the increase in functional DMT1 in ϩ/ϩ and ϩ/mk mice protects against DN damage and support the hypothesis that the increase actually leads to a toxicity that would not otherwise occur.
Belgrade Rats Carrying a Mutation in DMT1 Are Partially Protected
Against the Toxicity of 6-OHDA. We previously described an increase in the expression of DMT1 in the ventral mesencephalon of rats after striatal 6-OHDA injections (25) . To test whether DMT1 up-regulation increases iron-mediated toxicity in another PD animal model and to evaluate the behavioral impact of neuroprotection, we tested the susceptibility of Belgrade rats (b/b) to 6-OHDA neurotoxicity. Belgrade rats carry the same mutation in the DMT1 gene as that found in mk/mk mice. One week after unilateral intrastriatal stereotactic injection of 6-OHDA, amphetamine-induced rotation was measured in Belgrade rats, heterozygous littermates, and wild-type rats. Belgrade rats exhibited significantly less amphetamine-induced turning behavior than heterozygous and wild-type rats (5.3 Ϯ 0.6 turns per min, 7.7 Ϯ 0.6 turns per min, and 7.5 Ϯ 0.3 turns per min, respectively; P Ͻ 0.01; Fig. 4A ), consistent with less DA depletion. SN dopaminergic cell loss was assessed when the lesion had stabilized 2 weeks after 6-OHDA administration. Belgrade rats showed a significantly smaller degree of lesion compared with those of heterozygous and wild-type rats (42.6%, 65.9%, and 61.6% of SNpc DNs, respectively, compared with sham-operated animals; Fig. 4 B and C) . Sham-operated rats did not exhibit rotational behavior or a significant loss of TH-positive cells compared with the noninjected side (data not shown).
Discussion
DMT1 Expression Is Increased During DN Degeneration.
In this study we describe the expression of DMT1 isoforms in the SNpc of control and PD patients. In control subjects, moderate DMT1 immunolabeling was found in the SNpc and associated predominantly with neuromelanin-containing DNs, in agreement with the distribution reported in a previous study in nonhuman primates (26) . Yet, only a light DMT1 staining was reported in that study (26) . The slight discrepancy in DMT1 expression level in DNs is likely explained by differences in the relative ages of the groups studied. DMT1 expression has been reported to increase with age (11); our patients were older than 60 years, whereas the monkeys corresponded to young human adults. Notably, DNs from the VTA consistently displayed less intense DMT1 immunolabeling than DNs from the SNpc. This finding is relevant in view of the known preferential vulnerability of SNpc DNs in PD compared with VTA neurons (27) . Higher DMT1 expression in nigral DNs and consequently higher iron levels in these neurons may thus constitute a factor that increases the vulnerability of nigral neurons to PD-related insults.
In the SNpc of PD patients, DMT1 ϩIRE expression was found to be increased when compared with that of age-matched controls, as assessed by Western blot analysis. Immunohistochemical analysis showed DMT1 labeling in remaining DNs that was particularly strong in some neurons from the ventral part of the SNpc, whereas additional DMT1 labeling appeared in activated microglia, as shown by colocalization with CD68. Moreover, in matched samples, iron content paralleled DMT1 ϩIRE expression. Thus, our results suggest that nigral DMT1 expression was increased in PD patients, most likely because of DMT1 up-regulation in reactive glia and surviving DNs of the ventral SNpc. To explore the role of this increase in DMT1 expression, we used the MPTP mouse model of PD that recapitulates several features of the disease. In acutely MPTP-intoxicated mice, we observed that: (i) DMT1 up-regulation was an early but continuing occurrence during neuronal death; (ii) DMT1 ϩIRE but not ϪIRE was up-regulated in SNpc DNs; and (iii) ϩIRE and ϪIRE isoforms were expressed, respectively, by activated microglia and hypertrophic astrocytes during the same time period. Taken together with the reported DMT1 up-regulation in the mesencephalon of 6-OHDA-lesioned rats (25), our results sug- gest that DMT1 increase is associated with DN degeneration and is a common phenomenon in animal models of PD.
To examine whether DMT1 is instrumental in the neuronal death in rodent models of PD, we made use of rodent mutants carrying a mutation that impairs DMT1 iron transport. These rodents exhibit a significant alteration in the kinetics of brain iron incorporation (28) . Nevertheless, although a decrease in Perls iron histochemistry has been reported in the brain of Belgrade rats (29) , quantitative techniques detect only mild or nonsignificant decreases in brain iron content in Belgrade rats and mk/mk mice, respectively (ref. 28 ; data not shown). Consequently, brain development and iron-dependent processes, such as myelin and dopamine synthesis, appear normal in DMT1 G185R mutant rodents (data not shown). We found that mk/mk mice were partially protected against MPTP toxicity. These results are consistent with resistance to MPTP reported in mice on an iron-deficient diet (24) . However, dietary iron deficiency has been independently associated with a significant decrease in mesencephalic iron and striatal dopamine content, the latter deficit being explained by the fact that iron is a required cofactor of TH (24, 30) . In contrast, mesencephalic iron content and striatal dopamine content in mk/mk mice were not significantly different from those of ϩ/mk and ϩ/ϩ mice (data not shown), likely because of the existence of compensatory mechanisms. Finally, using the 6-OHDA model of PD, we found that DMT1 deficiency in b/b rats conferred a partial protection against intrastriatal 6-OHDA toxicity. Moreover, neuroprotection in b/b rats may have a functional impact, because lesioned mutant rats exhibited less amphetamine-induced rotational behavior than lesioned control rats. Belgrade rats received an ironsupplemented diet to palliate systemic iron deficiency; nonetheless, we cannot fully rule out the possibility that anemia may have contributed to some extent to the behavioral difference observed. Collectively, these data indicate that DMT1-mediated iron transport is involved in neuronal degeneration in parkinsonian syndromes and that DMT1 deficiency mitigates cell death and may have functional consequences.
Possible Mechanisms Involved in the Death of DNs Mediated by DMT1
Iron Transport. The increase of DMT1 in the mesencephalon preceded and coincided with the increase in iron content in MPTP-intoxicated mice, suggesting that DMT1 contributes to iron accumulation. Moreover, the distribution of DMT1 ϩIRE expression coincided with that of iron accumulation observed by iron histochemistry in the ventral SNpc of MPTP mice. Local iron toxicity is due primarily to the production (through the Fenton reaction) of hydroxyl radicals, responsible for oxidation of lipids, proteins, and DNA (31) . Such a hypothesis is in agreement with our results, where DMT1 up-regulation and iron accumulation in SNpc DNs of MPTP-treated mice were associated with lipoperoxidation, as evidenced by the presence of 4-hydroxynonenal and MDA adducts. Our data are consistent with postmortem studies showing increased lipoperoxidation, protein carbonylation, and DNA oxidation in the SNpc of PD patients (31) . DMT1 participation in DN death is thus likely to involve iron-mediated induction of oxidative stress.
What Are the Mechanisms Underlying DMT1 Up-Regulation in PD?
Several mechanisms may account for the increase in DMT1 expression in DNs and glial cells in PD. First, inhibition of mitochondrial complex I, a phenomenon reported in PD and the primary event in MPTP neurotoxicity, can directly modulate neuronal DMT1 expression. MPTP-associated inhibition of mitochondrial complex I can cause both a rise in reactive oxygen and nitrogen species and ATP depletion (17) . These 2 events can augment the binding activity (32, 33) of iron regulatory proteins (IRPs) that control the expression of DMT1 ϩIRE and the subsequent increase in iron content (34) . Although a genomic study failed to show DMT1 up-regulation in an M9D dopaminergic cell line treated with MPP ϩ (35), a more recent study using MES23.5 dopaminergic cells indicated that MPP ϩ was sufficient to increase DMT1 expression and iron uptake (36) . Second, DMT1 expression may be influenced by neuroinflammatory processes that are reported to occur in PD and to contribute to MPTP-induced neurodegeneration (16) . Indeed, proinflammatory stimuli, such as exposure to lipopolysaccharide or cytokines such as TNF-␣ or IFN-␥, are effective at upregulating DMT1 in multiple cell types (12) (13) (14) (15) , including phagocytic cells. Such a modulation of DMT1 expression is compatible with our results, particularly where DMT1 up-regulation coincided with microglial activation at days 1 and 2 after MPTP intoxication. Even if modulation of proinflammatory stimuli is more likely to affect glial DMT1 expression, we cannot exclude a direct effect of proinflammatory cytokines on neuronal DMT1 expression. Indeed, TNF-␣ receptor expression has been reported in human SNpc DNs (37) .
What Is the Mechanism of DMT1-Mediated Iron Transport in PD?
A model has been proposed for iron incorporation in which DMT1 ϩIRE might participate preferentially in NTBI uptake and DMT1 ϪIRE in TBI uptake (38) . In the SN, the expression of TfR and the density of Tf-binding sites are relatively low in normal SN and further decrease in the brain of PD patients (8) . On the other hand, we here report the existence of DMT1 ϩIRE in the SN and its increase in PD and animal models of the disease. Furthermore, the existence of ferrous NTBI has been well documented in normal brain. Thus, we hypothesize that DMT1 ϩIRE-mediated iron toxicity might implicate NTBI transport in the SN.
Several mechanisms may contribute to increase iron transport mediated by DMT1 in PD. DMT1 is a ferrous-iron transporter with conductance described as temperature-, H ϩ -, and voltagedependent. (i) DMT1 transport capacity is optimal at pH 5.5. Yet, it is also capable of transporting iron at neutral pH (39, 40) , the situation observed in PD brain. (ii) DMT1 iron transport depends on the membrane potential, increasing with hyperpolarization (22, 40) . Because MPTP and 6-OHDA treatments induce hyperpolarization of dopaminergic neurons by means of the activation of ATP-sensitive potassium channels (41, 42), we hypothesize that this hyperpolarization can participate as a driving force of DMT1 iron transport. (iii) In addition, NMDA and neuronal nitric oxide synthase (nNOS) activation has recently been invoked in a DMT1-dependent stimulation of iron uptake in neurons (43) . Because NMDA agonism and nNOS activation are likely involved in the death of DNs in PD (44) , this modulation could also contribute to increase DMT1 iron transport in parkinsonian syndromes. As a consequence, it might be hypothesized that neuroprotection associated with DMT1 deficiency might result, at least in part, from a lesser response to hyperpolarization and excitotoxic stimuli.
In summary, our results support a general role for DMT1 in neurodegeneration associated with PD and confirm the role of iron in the progression of neuronal death in parkinsonian syndromes. Increased DMT1 expression during aging may also explain in part why aging is the major risk factor for developing PD (11) . Consequently, DMT1 represents a promising molecular target for the design of therapeutic interventions that would slow PD progression.
Materials and Methods
Chemicals and Antibodies. See SI Materials and Methods.
Human Postmortem Tissue. Brains were obtained postmortem from control individuals with no known history of neurological or psychiatric disorders and from patients with clinically defined PD [stages II to IV on the rating scale of Hoehn and Yahr (45) responding to levodopa therapy] that was histologically confirmed (nigral neuronal loss; presence of Lewy bodies in the SN and locus ceruleus). For immunohistochemistry, we studied 7 PD patients and 6 controls matched for age (80. MPTP Intoxication. Mice were injected i.p. 4 times (at 2-h intervals over 1 day) with 20 mg/kg MPTP free base in saline or a corresponding volume of saline alone. At selected time points, animals were killed and the ventral mesencephali of control and MPTP-intoxicated mice were dissected out: one hemisphere was used for biochemical analysis and the other was used for stereological quantification of SNpc DNs.
6-OHDA Lesions. The lesions were generated by unilateral striatal injection of 20 g of 6-OHDA (4 g/L calculated as free base, in 0.2 mg/mL ascorbic acid/saline) or a corresponding volume of vehicle. The coordinates for the injection site, calculated from the bregma by using the rat brain atlas of Paxinos and Watson (46) , for the anteroposterior, mediolateral, and dorsoventral positions were as follows: ϩ1.0, Ϫ3.0, and 5.0, respectively. Statistics. Data are shown as mean Ϯ SEM. Normal parametric data were compared with the 2-sided, unpaired t test or ANOVA followed by post-hoc Holm-Sidak test. P Ͻ 0.05 was considered significant.
HPLC Measurement of Dopamine and MPP
